Disturbances in biological rhythms could lead to unfavorable health impact. This study aimed to evaluate the prevalence of functional dyspepsia (FD) and irritable bowel syndrome (IBS) in rotating shift workers, and to determine the factors that have significant association with the prevalence of FD and IBS. The research had been carried out among nurses and nursing assistants working at Ewha Womans University Mokdong Hospital between December 2010 and February 2011. The subjects completed self-reported questionnaires, including the quality of the sleep and the level of stress. The prevalence of FD and IBS defined by ROME III criteria, and factors associated the disorders in rotating shift workers were compared with those of day workers. A total of 207 subjects were included in the study with 147 rotating shift workers (71.0%), and 60 (29.0%) day workers. The prevalence of IBS in rotating shift workers was higher than that in day workers (32.7% vs 16.7%, P = 0.026). However, no significant difference in the prevalence of FD was observed between the two groups (19.7% vs 20.0%, P = 0.964). In the multivariate analysis, the risk factors for IBS were rotating shift work (OR, 2.36; 95% CI, 1.01-5.47) and poor sleep quality (OR, 4.13; 95% CI,, and the risk factors for FD were poor sleep quality (OR, 2.31; 95% CI, 1.01-5.28), and severe stress (OR, 2.19; 95% CI, 1.06-4.76). A higher prevalence of IBS among rotating shift workers could be directly associated with the circadian rhythm disturbance. The circadian rhythm disturbance may be related with the pathogenesis of IBS.
INTRODUCTION
Functional dyspepsia (FD) and irritable bowel syndrome (IBS) are common functional gastrointestinal (GI) disorders that are frequently encountered in the general population (1) . Although accurate etiologies of functional GI disorders (FGIDs) are unknown, changes in bowel motility, visceral hypersensitivity, disruptions of intestinal barrier and psychological status were involved in its pathogenesis (2) (3) (4) . A biopsychological model of disorder has been used to explain the connections between GI and emotional and cognitive functions. In this model, stressful life events and psychological distress were found to exacerbate IBS and FD as well as influence their clinical outcomes (5, 6) .
In other words, stressful condition can make people to be susceptible to FGIDs, and can increase the occurrence, and change their natural courses. The pathogenesis of FGIDs related with psychological stress is unknown; however, brain-gut interactions are increasingly recognized as the underlying pathogenesis of FGIDs. Various central nervous system (CNS)-and gutdirected stressors stimulate the brain-gut axis. Disturbances at every level of neural control of the GI tract can affect modulation of gastrointestinal motility, secretion, and immune functions as well as perception and emotional response to visceral events (7) . To date, significant associations between IBS and psychological distress including depression and anxiety have been reported (8) . A recent study also supports this concept by showing the patients with IBS are relieved by psychiatric medications and cognitive behavior therapy (9) . Similar associations with psychological stress have been reported for dyspepsia in clinical studies (10, 11) .
The effects of poor sleep quality on psychological stress is also commonly reported among rotating shift workers. Several reports have been made that rotating shift workers experience relatively more stress compared to day workers, and have increased level of fatigue and poor sleep quality, resulting in more frequent daytime sleepiness and experience of physiologic change. A recent study in UK hypothesized sleep disturbance increase the risk of chronic disease including cancers, cardiovascular disease, metabolic syndrome, and diabetes, and declared suggestive evidence on the adverse association between night work and breast cancer (12) . In addition, another study in the US showed association between night shift work and ischemic stroke and coro- nary heart disease (13) .
Due to the increasing interests in aspect of biopsychological role in FD and IBS, the understanding of the illness pattern in rotating shift workers can be the means to approach to the pathophysiology. However, until now, only several studies with limited data have been published. Therefore, we aimed to estimate the prevalence of FD and IBS in rotating shift workers and the predictive factors significantly affecting the prevalence of the disorder.
MATERIALS AND METHODS

Study subjects
The study population consisted of 277 subjects including nurses and nursing assistants working at Ewha Womans University Mok-dong hospital between December 2010 and February 2011. The subjects were 18-yr old and older adult participants. Of the 277 participants, 60 were ruled out based on the exclusion criteria, and 207 were divided into daytime and rotating shift worker groups. The following exclusion criteria were applied: 1) the subjects with incomplete assessment questionnaire (n = 53); 2) pregnant or breast-feeding (n = 7); 3) self-reported organic GI disorder (n = 8); 4) having red flag signs (n = 2) such as fever, rectal bleeding and significant weight loss; 5) diagnosed with psychological disorder or current psychiatric medication users. The subjects completed structured self-reported questionnaires.
Questionnaires for gastrointestinal symptoms
Eligible subjects who agreed to participate were asked to complete a series of validated questionnaires to assess:
A short-form of Korean version of bowel disease questionnaires (K-BDQ) was utilized to evaluate the prevalence of FD and IBS following ROME III diagnostic criteria. The K-BDQ was validated with direct interview with the median kappa of 0.74 (0.36-1.00) and verified after repeated test for reliability (14) . The K-BDQ was composed of 30 items distinguishing several FGIDs such as IBS, FD, functional bloating, functional constipation, and functional diarrhea.
Questionnaires for sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was utilized to measure the sleep quality. Korean version of PSQI, a valid and reliable self administrative instrument for assessing quality of sleep (15) . PSQI is designed to assess sleep quality for one month prior to examination and contains 19 self-rated questions from which 7 component scores are calculated and summed into a global score (16) . Higher score represents worse sleep quality with component scores ranging from 0 to 3, and global scores range from 0 to 21. The Epworth Sleepiness Scale (ESS) is an 8-itemed questionnaire designed to assess general level of daytime sleepiness, and scores on this instrument range from 0 to 24, with higher scores indicating greater sleepiness (17) . PSQI score higher than 5 points was set as the marker of poor sleep quality and ESS score higher than 13 points as the marker of daytime sleepiness (16, 18, 19) .
Questionnaires for stress severity
The Modified Brief Encounter Psychosocial Instrument (BEPSI) (20, 21) was utilized to measure the stress level. Korean version of BEPSI (BEPSI-K) was a valid and reliable self administrative instrument for assessing stress (22, 23) . The BEPSI-K consists of the following five items: 1) extrinsic demand or individual's perception of the balance between external demand and capability; 2) intrinsic demand, or the importance of the individual's expectations as demands one place on oneself; 3) attributional demand or expectations and demands that the individual places on his/her physical or interpersonal environment; 4) uncertainty demand or that uncontrollable events elicit a greater stress response than demands over which the individual has control; 5) demand perspective or the ability to maintain perspective in the face of stressful demand with maximum scores of each question being five points; the sum of each points was divided by five. A subject with a higher score experienced more stress. The internal consistency of the BEPSI-K was high (Cronbach's α: 0.84), and a factor analysis confirmed that the items represent a single dimension (24) .
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (SPSS Inc, Chicago, IL, USA). The continuous variables were expressed as mean ± SD. Univariate associations were analyzed using the Student's t-test and Fisher extract test for categorical variables. All variables significantly associated with FD and IBS (P < 0.05, two tailed) were included in the multivariate logistic regression models. In addition, to reduce the effect of potential confounding in this observational study, we performed rigorous adjustment for the differences in baseline characteristics using propensity score matching. The propensity scores were estimated without regard to outcome variables, using multiple logistic regression analysis. Results were presented by odds ratio (OR) also with 95% confidence interval (CI).
Ethics statement
The present study protocol was reviewed and approved by institutional review board of the Ewha Womans University Mokdong Hospital (No. ECT 243-2-25). All subjects submitted informed consent before the interview.
RESULTS
Characteristics of the study subjects A total of 207 subjects were included in the present study with 147 rotating shift workers (71.0%), and 64 (29.0%) day workers http://dx.doi.org/10.3346/jkms.2013.28.3.431 (Table 1) . Their mean age was 32.3 yr (± 7.8 SD), ranging from 21 to 53 yr old. The mean age in daytime workers was higher with female predominance. The proportion of married persons in day workers was higher than in the rotating shift workers (35.4% vs 58.3%, P = 0.002). The proportion of workers who had work experience more than 4 yr in day worker was higher in that of rotating shift worker (54.4% vs 78.3%, P = 0.006). Body mass index (BMI) was 21.1 kg/m 2 (± 2.52 SD), and no significant difference was observed between two groups. The average length of working time was 9.2 hr (± 1.3 SD) per day, ranging from 5 to 15 and the average length of sleeping time was 6.3 hr (± 1.5 SD) with no significant differences between the two groups. In addition, no significant differences were found depending on regular exercise, drinking habit, and coffee consumption between the two groups, and the proportion of sleeping pill users was only 5 persons (2.3%). The prevalence of IBS in rotating shift worker group was significantly higher than that of daytime worker group (32.7% vs 16.7%, P = 0.026). No significant difference on the prevalence of FD between rotating shift worker group and daytime worker group (19.7% vs 20.0%, P = 0.964) was found (Fig. 1) .
Comparison of the prevalence of functional gastrointestinal disorders according to shiftwork
Comparison of sleep quality and stress between two groups
The sleep quality and stress of rotating shift worker group was compared with those of day worker group. Results showed higher daytime sleepiness (ESS 9.80 ± 4.33 vs 8.42 ± 4.10, P = 0.036) in rotating shift worker group. However, no difference in sleep quality (PSQI 7.03 ± 3.34 vs 6.18 ± 2.88, P = 0.086) and stress scale index was observed between the two groups (BEPSI 2.28 ± 0.80 vs 2.09 ± 0.77, P = 0.131) ( Table 2) .
Comparison of sleep-related indicator according to functional GI disorders in two groups
The presence of FD had an influence on sleep-related indicator, with higher effect on rotating shift workers than day workers. Rotating shift worker with FD showed poorer sleep quality (PSQI Data are presented as mean ± standard deviation, or number and %. *( ≥ 2 days/ week and ≥ 30 min/each time). In rotating shift worker group, subjects with IBS showed poorer sleep quality (PSQI 8.29 ± 2.92 vs 6.42 ± 3.37, P = 0.001), more frequent daytime sleepiness (ESS 10.90 ± 4.45 vs 9.26 ± 4.19, P = 0.031), and more severe stress (BEPSI 2.50 ± 0.83 vs 2.17 ± 0.77, P = 0.017) compared with those without IBS. However, in daytime worker group, the day time sleepiness in subjects with IBS was severe than in those without IBS (ESS 10.80 ± 4.21 vs 7.94 ± 3.95, P = 0.043). On the other hand, no differences in sleep quality (PSQI 7.30 ± 2.63 vs 5.96 ± 2.90, P = 0.181) and stress level (BEPSI 2.26 ± 1.12 vs 2.06 ± 0.69, P = 0.456) were found. This comparison was summarized in Fig. 2, 3 . Tables 3, 4 show the risk factors for the presence of FD and IBS, respectively. The ORs for each factor, which are known to be involved in the occurrence of the disease, basic demographic factors (e.g. age, gender, marital status, BMI), and factors that reflect the life style (e.g. frequency of weekly exercise and coffee drink, and smoking) were analyzed. In univariate analysis, the factors associated with FD were poor sleep quality (PSQI ≥ 6 vs < 6, OR, 2.79; 95% CI, 1.25-6.21), and severe stress (BEPSI ≥ 2.8 vs < 2.8, OR, 2.75; 95% CI, 1.33-5.69). In multivariate analysis, they were also the predictors for FD.
Multivariate analysis of risk factor for functional dyspepsia and irritable bowel syndrome
On the other hand, the factors associated with IBS in univariate analysis were rotating shifting work (rotating vs day, OR, 2.42; 95% CI, 1.13-5.19), poor sleep quality (PSQI ≥ 6 vs < 6, OR, 5.23; 95% CI, 2.40-11.41), severe daytime sleepiness (ESS ≥ 14 vs 
DISCUSSION
The present study shows that the prevalences of FD 19.8% and IBS were 28.1% in nurses and nursing assistants. Rotating shift workers have a higher risk of IBS, and their significant factor of IBS is poor sleep quality.
Because there are no biological markers for IBS, the diagnosis is usually based on symptoms and exclusion of other known organic disorder (24) . The varying nature of symptoms and lack of structural abnormalities present a diagnostic challenge. The altered motility, visceral hypersensitivity, dysfunctional brain-gut interaction, low-grade mucosal inflammation, genetic factors, food allergies, and altered bowel microflora can give rise to the characteristic clinical symptoms of IBS (25) . Some studies incited the psychosocial aspects of IBS and FD, revealed altered GI symptoms of rotating shift workers, as a part of a various symptoms (26) . Furthermore, several studies have reported a higher prevalence of GI symptoms such as diarrhea, bloating, and heartburn among the rotating shift workers compared to daytime worker (27, 28) . However only few studies focused on the prevalence of FGIDs among rotating shift workers (29, 30) . In the present study, the prevalence of FD and IBS in hospital workers was higher than general population. In a population-based study in Korea, the prevalence of FD was 8.4% and that of IBS was 6.6% based on ROME II criteria in a local community (31) . The results of our study are consistent with those studies from Singapore, which found the prevalence of FGIDs to be 38% in nurses working rotating shift vs 20% in daytime worker nurses (P = 0.04).
Studies from the US (399 participants, 214 permanent daytime workers vs 75 rotating shift workers), gave the same results (31.3% vs 48.0%, P < 0.01). Previous studies that attempted to assess the association between sleep disturbances and IBS yielded conflicting results (31) (32) (33) . However, results of our study suggest that poor sleep quality in rotating shift workers provide an explanation for the higher prevalences of FD and IBS in rotating shift workers. In a logistic regression analysis, an association between IBS and rotating shift worker was recognized even after controlling other confounding factors, such as poor sleep quality and marital status. Recent studies showed that rotating shift workers suffer more from disruption of circadian rhythm. Therefore, they experience subjective symptoms such as increased fatigue, insomnia, hypersomnia, sleep disturbances, lack of appetite as well as actual medical problems such as GI system, cardiovascular system, and working a rotating shift threatening to general health (33, 34) . Therefore, it is conceivable that disruption of circadian rhythm will lead to alterations in circadian physiology that modulates visceral sensitivity. Furthermore, a recent clinical study showed that administration of melatonin, a known regulator of circadian rhythm, can improve IBS symptoms by decreasing pain without altering colonic motility. The fact that pain was relieved after the administration of melatonin could be results of the restoration of circadian rhythms (34) .
Previous studies carried out targeting nurses in Korea as rotating shift workers revealed that rotating shift work, in spite of relatively longer sleep time, brings about poor sleep quality and harmful effects on health (33, 35) . Although a cross sectional study from the US focused on the disruption of biological rhythm of shift workers, the prevalence of the IBS is affected not only by disruption of circadian rhythm but also by quality of sleep (36) .
The psychological factors are major part of IBS pathogenesis. Approximately two thirds of IBS patients referred to secondary care centers show some form of psychological distress, most commonly anxiety or depression, which may not be easily recognized, as some patients are reluctant to expose their feelings. Nevertheless, multiple unexplained physical symptoms are common in IBS and can be a manifestation of somatization disorder (37) . The association of IBS and psychological factors are observed via the meta-analysis that proves the efficacy of tricyclic antidepressants in IBS (38) . Moreover, poor sleep quality affects adverse psychological factors in rotating shift workers. Previous reports on psychological status as an etiology of IBS and sleep disturbances in rotating shift workers are compatible with the conclusion of the present study (29) .
However, the present study has some limitations, including selection biases. The study population consisted of nurses and nursing assistants of one university hospital. And nurses are thought to be exposed to relatively high level of occupational stress due to the nature of their work. These may influence the possibility of generalizing our results to the general rotating shift workers. Furthermore, it is conceivable that individuals with higher degree of anxiety of psychological distress or those with other health problems including GI disease require more time off work, and therefore more likely to participate in rotating shiftwork. However, there was no significant difference in stress scores between the two groups, because the subjects with significant health problems were excluded in the screening.
Second, the psychological status of each individual is not assessed by an objective method. Therefore, psychological influences of the subjects are not completely ruled out upon analysis of the attributing factors of IBS. Thus, intake of psychiatric medication was checked by questionnaires instead; all subjects were found to be free from psychiatric medication. Therefore, to expand the study, adaptation of psychometric instrument is required to exclude the psychological influences on IBS.
Third, this study covers two hypotheses of different disease simultaneously and does not correct the problem of multiple comparisons. The result is observed as part of an analysis that involves multiple comparisons, rather than an analysis that involves only a single comparison.
In conclusion, participation in rotating shift work and poor sleep quality were significantly associated with IBS, and rotating shift work itself was related with IBS, independent with poor sleep quality. Therefore disruption of circadian rhythm is suggested to have an important role in the pathogenesis of IBS.
